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The seasonal and geographical variations in guggulsterone content in oleo-gum resin have been examined in order to determine the optimum
collection time and to identify suitable locations for large-scale cultivation of Commiphora wightii. The results clearly showed that E- and Z-
guggulsterones varied significantly on seasonal basis. A higher guggulsterone concentration was observed during summer (May–July) and this
was lower during winter (November–March). A wide variation in guggulsterone content was also observed in the different geographical regions in
Rajasthan. The southern part of the state produced the lowest guggulsterone (b1.19%) whereas the central, northern and western regions had
higher yields (1.87–2.76%). The guggulsterone yield exhibited a positive correlation with annual rainfall between 15 and 55 cm and declined in
the regions with higher rainfall (N60 cm). Plants with high guggulsterone content can be utilized for mass multiplication and genetic improvement.
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Commiphora wightii (Arnott) Bhandari (Burseraceae) is a
slow growing, highly branched, shrubby endangered plant that
grows wild in the arid and semi-arid regions of India, Pakistan
and tropical regions of Africa. The oleo-gum resin of C. wightii
(known as gum guggul), is mentioned in the classic Ayurvedic
literature as an efficacious treatment for bone fractures, arthritis,
inflammation, obesity, cardiovascular disease, and lipid dis-
orders. The ethyl acetate extract of this gum resin, designated
guggulipid, has since been shown to exhibit lipid-lowering
activity in normal and hyperlipidemic rats, rabbits and monkeys
(Satyavati et al., 1969; Singh et al., 1990; Dev, 1997). Recent
clinical analysis revealed that the isomers E- and Z-guggulster-
ones (Fig. 1) are responsible for the hypolipidemic activity of
gum guggul (Urizar and Moore, 2003; Wang et al., 2004). They
are effective antagonists of the farnesoid X receptor (Urizar
et al., 2002), bile acid receptor (Wu et al., 2002) and a ligand-
dependent transcription factor that regulates the expression of⁎ Corresponding author. Tel.: +91 9828309537.
E-mail address: vineetuor@rediffmail.com (V. Soni).
0254-6299/$ - see front matter © 2009 SAAB. Published by Elsevier B.V. All righ
doi:10.1016/j.sajb.2009.10.004the CYP 7A1 gene involved in maintaining the cholesterol/bile
acid homoeostasis through the bile salt export pump (Owsley
and Chiang, 2003).
Overexploitation and slow-growth associated with poor seed
set make this plant an endangered species (Kumar et al., 2003).
The aim of the present study was to determine the optimum
collection time of guggul gum in order to obtain the highest
yield of guggulsterones and to identify a suitable geographical
locality for large-scale cultivation of plants for therapeutic
purposes.2. Materials and methods
2.1. Plant materials
In order to determine the optimum collection time to obtain the
highest yield of guggulsterones, oleo-gum resin exudates were
collected by tapping the main trunks of C. wightii (7–10 cm
diameter), growing wild in the arid rocky tracts at Gulta Hills,
Jaipur City (26.92 N, 75.82 E) and were kindly identified by Dr.
S.P. Bohra, Professor of Botany, J.N.V. University, Jodhpur,
India. The samples were collected (five replicates of each sample)
in the middle of every month from April 2004 until March 2005ts reserved.
Fig. 2. Map of Rajasthan state showing the locations from where oleo-gum resin
samples were collected. Numbers refer to locations in Table 1.
Fig. 1. Structure of E- and Z-guggulsterone.
Fig. 3. Guggulsterone content (%) in oleo-gum resin collected at different times
during 1year.
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variations in guggulsterones, oleo-gum resin samples were
collected from 56 plants growing naturally at 11 different
geographical locations of Rajasthan. The collection was done
between 1May 2005 and 20May 2005 from 4 to 8 widely spaced
wildmature plants per sites (Fig. 2, Table 1) and the samples were
sent to the laboratory for analysis as soon as possible after
collection. Samples usually reached the laboratory within 12 h ofTable 1
Collection sites and % guggulsterone yields for oleo-gum resin samples of Commip
S. no. Collection site Latitude Longitude No. of s
1. Rajgarh, Churu 28.60 N 72.02 E 4
2. Palana, Bikaner 27.80 N 73.30 E 4
3. Gulta, Jaipur 26.92 N 75.82 E 7
4. Devikot, Jaiselmer 26.65 N 71.25 E 5
5. Machia Safari Park, Jodhpur 26.28 N 73.03 E 5
6. Mangliawas, Ajmer 26.25 N 74.51 E 9
7. Ranthambore, Sawai Madhopur 26.03 N 76.37 E 4
8. Balotra, Barmer 25.80 N 72.29 E 3
9. Ranakpur, Rajsamand 25.17 N 73.51 E 4
10. Sisarma, Udaipur 24.62 N 73.68 E 7
11. Pratapgarh 24.03 N 74.78 E 4
S. no. refers to the locations in Fig. 2.collection. Specimens of all samples are preserved at the Botany
Department, University of Rajasthan, Jaipur, India.
2.2. Purification and quantitative analysis
The oleo-gum resin (100 mg)was purified by silica gel column
chromatography (60–120 mesh, 5.0×60 cm) using ethyl acetate:
methanol (3:1; v/v) as an eluent. Fractions thus collected were
analyzed by TLC for guggulsterone content. The TLC was
performed on pre-coated aluminium oxide 60 F254 plates (Merck,
Germany), using solvent systems containing light petroleum ether
(b.p. 60–80 °C) and ethyl acetate (3:1; v/v) and spots were detected
under a UV lamp (254 nm). The fractions containing E- and Z-
guggulsterones were combined and concentrated under reduced
pressure. A yellowish gummy extract thus obtained was placed in a
10 ml volumetric flask, dissolved in 2 ml of ethyl acetate and the
final volume (10 ml) was adjustedwithmethanol. The solutionwas
filtered through a 0.45 µm PTFE filter (Millipore) prior to HPLC
analyses. E- and Z-guggulsterones were quantified by HPLC using
an acetonitrile–water gradient (Mesrob et al., 1998). The Shimadzu
LC-10 gradient HPLC system (Shimadzu Corp. Japan) used for thehora wightii.
amples collected Rainfall (cm/year) % Guggulsterone yield (w/w FW)
30–40 2.291±0.019
20–30 2.088±0.022
50–60 2.483±0.198
10–20 1.871±0.180
30–40 2.218±0.021
50–60 2.764±0.06
70–80 1.6314±0.22
20–30 2.211±0.005
60–70 1.190±0.119
80–90 1.138±0.02
80–90 0.614±0.02
Fig. 4. HPLC chromatograms of oleo-gum resin ofCommiphora wightii collected
from [A] Mangliawas, Ajmer (26.25 N, 74.51 E) and [B] Pratapgarh (24.03 N,
74.78 E).
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10ATVP, Shimadzu) UV-detector (SPD-10 A, Shimadzu) and
PDA detector (SPD-M10 A VP, Shimadzu). The separation was
performed on a 250×4.6 mm C18 (5 µm) reverse phase column
(Discovery, Benefortte, PA, USA). HPLC-grade ethyl acetate,
acetonitrile andmethanolwere purchased fromE.Merck (Mumbai)
and sterile double distilled (0.2 μm) water was used throughout the
study. In order to protect the integrity of the analytical column, all
analyses were performed with a C18 guard column. Samples were
analyzed in triplicate and a 10 min re-equilibration period was used
between individual runs. The calibration curve was obtained by a
linear regression of the peak areas of the standard E- and Z-
guggulsterones versus concentration. Reference standards of E-
and Z-guggulsterone were kindly provided by the Central Drug
Research Institute (CDRI), Lucknow, India. The peak area was
used to calculate the concentration of E- and Z-guggulsterones in
oleo-gum resin samples by applying a linear equation obtained
from the calibration curve. Statistical calculations were carried outFig. 5. Correlation between rainfall level (cm/year) and the gugguwith the SPSS 10.0 for Windows software package (Statistica, San
Jose, USA). Results are expressed as the mean±S.E.M. of 3
independent experiments.
3. Results and discussion
The present investigation reports the seasonal and geograph-
ical variations in the concentration of E- and Z-guggulsterones in
C. wightii resin. The concentrations of E- and Z-guggulsterones
varied significantly on a seasonal basis. Fig. 3 summarizes the
variation in guggulsterones for each month from April to March.
Over the course of the seasons the Z-guggulsterone was always
dominant quantitatively over the E-guggulsterone. The guggul-
sterone content was significantly higher during summer (May–
July) when the plant was in full bloom, and then gradually
decreased in the rainy season (August–October). The highest
guggulsterone content was determined in May. Over the winter,
from November until early spring (March), concentrations of
guggulsterones were low. The lowest concentration was
determined during December, when the plants were dormant.
The guggulsterone content increased again during the spring i.e.
March to April. Thus, the results indicate that summer is the ideal
season for collecting oleo-gum resin of C. wightii.
High performance liquid chromatographic analyses of guggul
gum collected from 56 mature plants of C. wightii growing
naturally at different geographical locations of Rajasthan showed
remarkable variation in guggulsterone content (Table 1). The
northern, western and central portion of state produced higher
guggulsterone yields (1.87–2.76%) whereas the southern region
had lowyields (0.61–1.19%). The highest and lowest concentration
of guggulsterones was observed in the plants growing at rocky arid
tracks of Mangliawas village, Ajmer (26.25 N, 74.51 E) and
Pratapgarh (24.03 N, 74.78 E) respectively (Fig. 4). In all the
samples, the Z-guggulsterone was always dominant quantitatively.
Moreover, the guggulsterone yield data showed a strong correlation
with the annual precipitation level (Fig. 5). Higher concentration oflsterone contents in oleo-gum resin of Commiphora wightii.
424 V. Soni et al. / South African Journal of Botany 76 (2010) 421–424guggulsterones (N1.87%)was observed in regions having a rainfall
between 15 and 55 cm. Areas with higher rainfall (N60 cm)
showed lower yields of guggulsterones (b1.63%).
The present findings demonstrated that guggulsterone
biosynthesis alters significantly on a seasonal and geographical
basis. Seasonal variations in bioactive compounds like
alkaloids, isoflavonoids, and essential oils have been observed
in Hypericum perforatum (Southwell and Bourke, 2001), Cri-
num macowanii (Elgorashi et al., 2002), Hypericum androsae-
mum (Guedes et al., 2004) and Pueraria lobata (Chen et al.,
2007). Increases in the levels of guggulsterone in plants
growing in scanty rainfall areas suggest that guggulsterone
synthesis is upregulated under water stress conditions. Recent-
ly, water stress enhanced synthesis of hyperforin in Hypericum
perforatum (Zobayed et al., 2007), alkaloids (berberine,
jatrorrhizine and palmatine) in Phellodendron amurense (Xia
et al., 2007) and ajmalicine in Catharanthus roseus (Jaleel
et al., 2007) has been reported. In the present study,
identification of higher guggulsterone yielding plants of C.
wightii has paved the way for mass propagation of these elite
plants through tissue culture and vegetative propagation
methods as well as selection of suitable geographical localities
for large-scale cultivation of this highly valued medicinal plant.
From the results of this investigation, it can also be concluded
that the water deficit areas may be well used for the cultivation
of C. wightii and the guggulsterone production can be enhanced
significantly.
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